Not only blood pressure but also behavioral activity, brain morphology, and cerebral ventricular size differ between young spontaneously hypertensive rats (SHR) and nonnotensive Wistar-Kyoto (WKY) rats. This suggests that cerebral blood flow and cerebral metabolism may vary between these two rat strains. To test this hypothesis, we measured local cerebral glucose utilization in 31 brain areas of 26-30 -week-old rats. Local cerebral blood flow was also assessed in these same areas. Cerebral glucose utilization was measured by the 2-deoxyglucose method; cerebral blood flow was determined by the iodoantipyrene method. In virtually all gray matter structures, the apparent rate of glucose utilization was lower in SHR than in nonnotensive WKY rats; the interstrain differences varied significantly among structures and were statistically significant (uncorrected t tests) in 14 of 28 gray matter areas. Local cerebral blood flow was fairly similar in the two rat strains. The coupling of blood flow to glucose utilization varied significantly among brain areas in nonnotensive WKY rats as well as in SHR. In a number of gray matter structures, the coupling of flow to metabolism differed between hypertensive and nonnotensive animals. These data suggest that for many brain areas, either glucose utilization or glucose partitioning differs between WKY rats and SHR. A number of years ago, Sokoloff and coworkers 2 developed the carbon-14-labeled 2-deoxyglucose (2DG) method of measuring glucose metabolism and, by use of quantitative autoradiography, assessed local cerebral glucose utilization (LCGU) in more than 30 areas of the rat brain. Subsequently, the 2DG technique has been used extensively to measure changes and differences in brain metabolism in a variety of studies and has provided considerable information on local alterations in cerebral activity. Using the 2DG technique, Kadekaro et al 3 determined that LCGU was very similar in 41 of 44 brain areas of 11-12-week-old spontaneously hypertensive rats (SHR) and their normotensive, genetically related control, the Wistar-Kyoto (WKY) rat. This suggested that metabolism is relatively normal in the brain of juvenile SHR. Differences in mean arterial blood pres- sure (MABP) and behavior 4 -3 as well as in brain weight and structure and ventricular size 6 -9 between SHR and WKY rats, however, have been reported at this and other stages of development.
T he exclusive source of energy in the brain under most conditions is the metabolism of glucose. Because there is a close linkage between tissue activity and energy metabolism in the steady state, 1 sustained alterations in brain activity can be detected by measuring the rate of cerebral glucose utilization.
A number of years ago, Sokoloff and coworkers 2 developed the carbon-14-labeled 2-deoxyglucose (2DG) method of measuring glucose metabolism and, by use of quantitative autoradiography, assessed local cerebral glucose utilization (LCGU) in more than 30 areas of the rat brain. Subsequently, the 2DG technique has been used extensively to measure changes and differences in brain metabolism in a variety of studies and has provided considerable information on local alterations in cerebral activity. Using the 2DG technique, Kadekaro et al 3 determined that LCGU was very similar in 41 of 44 brain areas of 11-12-week-old spontaneously hypertensive rats (SHR) and their normotensive, genetically related control, the Wistar-Kyoto (WKY) rat. This suggested that metabolism is relatively normal in the brain of juvenile SHR. Differences in mean arterial blood pres-rats were housed in the same animal room until the time of experimentation. Animal care, surgical preparation, and experimental procedures were done in accordance with institutional guidelines and were approved by the Institutional Animal Care and Use Committee of the State University of New York at Stony Brook.
Surgical Preparation
The SHR and WKY rats were between 26 and 30 weeks old when used for the determination of LCGU and LCBF. These animals were fasted for approximately 18 hours before surgery. Before surgery was begun, the rats were anesthetized with 3% halothane for 2-4 minutes; the anesthetic was then reduced to 1.5% halothane in nitrous oxide (70%) and oxygen (30%) for the period of surgery. The femoral artery and femoral vein were catheterized on both sides of the animal with polyethylene tubing (PE-50). The surgical wounds were infiltrated with lidocaine hydrochloride and closed with sutures. A plaster cast was fitted from midthorax to midthigh to immobilize the hind limbs and protect the catheters. Anesthesia administration was then discontinued.
Two or more hours elapsed between the time of anesthesia withdrawal and the beginning of the actual experiment. During this period the animals recovered from the surgery and were kept warm by means of a heat lamp set to maintain rectal temperature at 37°C. Their physiological condition was continually assessed during this time by measurement of arterial blood pressure, blood gases, plasma osmolality, plasma glucose level, and rectal temperature. If the physiological state was normal after 2-3 hours of recovery, then LCGU or LCBF was measured.
Measurement of Local Cerebral Glucose Utilization
LCGU was assessed by the 2DG technique of Sokoloff et al. 2 The experiments began with the rapid injection of 125 /tCi/kg of 2-deoxy-r>[ u C]glucose into the femoral vein. Small arterial blood samples (about 80 n\ per sample) were collected from the femoral arterial catheter at 5,15,30, and 45 seconds and at 1,2,3,5,7.5, 10, 25, 35, and 45 minutes. The blood samples were immediately centrifuged. The plasma glucose level was measured by an enzymatic method (Beckman Glucose Analyzer 2). Arterial blood pressure was read throughout the experimental period. Blood gases were measured at several times before and during the experimental period.
The rats were decapitated 45 minutes after 2DG injection. The brain and the pituitary were rapidly removed from the skull, frozen in 2-methylbutane cooled previously to -45°C, placed in a plastic bag, and frozen at -80°C.
Measurement of Local Cerebral Blood Flow
LCBF was measured by the [ I4 C]IAP technique of Sakurada et al 10 as modified by Otsuka et al. 11 Before LAP infusion was begun, an extracorporeal arteriovenous (AV) shunt was formed by shortening the femoral artery and vein catheters on one side and connecting them with a 1.5-cm length of silicone rubber tubing (No. 2030-969, LKB Products, Inc., Stockholm). At the start of the experimental period ('=0), an intravenous infusion of approximately 50 jtCi of [ U C]IAP was begun.
The rate of infusion was increased during the experiment according to a schedule that yielded a linearly rising concentration of LAP in the blood. Arterial blood samples were obtained every 5 seconds (starting at /=0) by puncturing the silicone tube portion of the AV shunt with a 22 gauge needle on a plungerless syringe and collecting 60-80 /AI blood over the next 2-4 seconds. The blood was gently but quickly driven into the syringe during the collection period by the "arterial" pressure in the shunt.
Thirty seconds after the LAP infusion was begun, the rat was decapitated. To minimize postmortem movement of LAP, 11 the brain was very quickly removed and frozen in 2-methylbutane cooled to -45°C; the time from decapitation to brain immersion in 2-methylbutane was 30-40 seconds. Frozen brains were stored in a sealed plastic bag at -80°C until the time of sectioning.
Radiotracer Analysis
Plasma radioactivity of LAP and 2DG were assayed by liquid scintillation counting.
Before tissue sectioning, the brains were put into a cryostat set at -17°C for approximately 30 minutes. After this, the brain was cut into a series of 20-^tm-thick coronal sections starting at the area postrema, which lies at the caudal end of the fourth ventricle. The first and fifth sections in each set were taken for histology. Sections 2-4 were saved for autoradiographic analysis; sections 6-20 were discarded. This sampling sequence was repeated until the rostral end of the caudate-putamen was passed.
The brain sections for autoradiographic assay and histology were picked up on coverslips and glass slides, respectively, and dried on a hot plate at 45-50°C. The coverslips containing the sections for autoradiography were glued in numerical order to small pieces of poster board. The sections designated for histology were stained with cresyl violet, mounted, and covered with coverslips. These histological sections were used for identifying the brain areas of interest on the autoradiographic images.
The brain sections for radiotracer assay were placed within cassettes in contact with single-coated x-ray film (Kodak SB-5). Commercially prepared methylmethacrylate 14 C standards (Amersham) were also placed in the x-ray cassettes. After approximately 7 days of exposure, the films were developed.
The entire autoradiogram was scanned, and the optical densities were determined by an image analysis system (MCID, Imaging Research, St. Catharines, Canada). These optical density values were converted to tissue radioactivity using an equation obtained by a modified spline fit of the 14 C standard data. Radioactivity was determined for areas of interest with a cursorcontrolled box. The minimal dimensions of the box were 60x60 ^.m. The mean radioactivity of each brain area per animal was obtained by averaging the readings from a set of three to nine autoradiographic images.
Densitometric readings and LCGU or LCBF determinations were made on 28 gray matter areas, two white matter structures, and one of the circumventricular organs. Many of the areas were selected because they had been included in the reports of Kadekaro within the central nervous system, some areas with either very high or very low rates of flow and metabolism were chosen. Because of its large size and proximity to the lateral ventricles, which were greatly expanded in SHR, two parts of the caudate-putamen were read. Both capillary and tissue functions differ markedly between circumventricular organs and other brain areas; the area postrema was chosen as a representative circumventricular organ because blood flow can be accurately measured with LAP in this area.
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Areas of interest were identified by use of a rat brain atlas. 13 When necessary to locate a small structure on the autoradiogram, the corresponding histological section was electronically superimposed on the autoradiographic section by the overlay program of the image analysis system.
Rates of LCGU were calculated from the 14 C concentrations in the brain tissues and the arterial plasma [ 14 C]deoxyglucose and glucose concentrations by the operational equation of Sokoloff et al. 2 The lumped constant, which is used in the operational equation to convert the phosphorylation rate of 2DG to the phosphorylation rate of D-glucose (LCGU), was assumed to be 0.48 as determined by Sokoloff et al. 2 The rate of LCBF was computed from the tissue and plasma LAP data and the blood flow equation given by Sakurada et al. 10 The partition coefficient, which is used in the blood flow equation to account for tracer backflux, was set at 0.8 in accordance with the findings of Sakurada et al.
Statistical Analysis
Group comparisons between data from SHR and WKY rats were performed by analysis of variance (ANOVA) with repeated measures (brain structures) using the Greenhouse-Geisser approximation. Statistically significant strain-structure interaction in LCGU or LCBF was further analyzed for the separate brain areas by Student's ; tests, both corrected (Bonferroni) and uncorrected for multiple comparisons. With respect to this statistical analysis, the Bonferroni-corrected / test is highly conservative, and functionally significant differences may be missed when this analysis is used. 314 On the other hand, Student's / test uncorrected for multiple comparisons may spuriously indicate significant differences. 3 In the present work, the uncorrected t test provides a data-descriptive "tool" for identifying brain areas in which the SHR-WKY rat differences are sizable and possibly significant after finding statistically significant strain-structure interaction by ANOVA.
The statistical analysis of the coupling of LCBF to LCGU was done by the method of Ford as described in McCulloch et al. 14 This method uses a linear statistical model of the log, transformed data of LCGU and LCBF. Through an ANOVA with repeated measures (brain structures), the hypothesis that the LCBF/LCGU ratio is constant for all regions was statistically evaluated for both SHR and WKY rats. The coupling of flow and metabolism was compared between the two rat strains by three-factor ANOVA with repeated measures (structures).
All values are reported as mean±SEM.
Results

Physiological and Behavioral Differences
Among the animals used for both LCGU and LCBF experiments, body weight was significantly lower in SHR than in WKY rats ( Table 1) . As was expected, MABP was much higher in SHR than in WKY rats. There were no significant differences in arterial blood pH, PCO2, PO2, or hematocrit or in arterial plasma glucose concentration between SHR and WKY rats.
There were distinct behavioral variations between SHR and WKY rats. The SHR reacted more dramatically to handling than did the normotensive WKY rats. For example, while being moved before anesthesia, SHR were always noisy and aggressive, whereas WKY rats were generally quiet and placid. Others 4 -5 have assessed such behavioral differences between SHR and WKY rats; these differences were not further quantified in the present study.
Local Cerebral Glucose Utilization
LCGU varied widely among brain structures in SHR and WKY rats ( Table 2 ). In both strains of rats, LCGU was very low and was similar in the two white matter areas. Rates of LCGU greater than 100 /unol • 100 g~' • min~' were measured in nine gray matter areas of WKY rats, with the temporal cortex and inferior colliculus having the highest values. In SHR, the rate of LCGU was above 100 junol • 100 g" 1 • min" 1 in only the inferior colliculus and temporal cortex.
LCGU in SHR was generally lower than in WKY rats ( Figure 1 ). ANOVA with repeated measures yielded a significant group with structure interaction (p=0.007); namely, LCGU was lower in SHR than in WKY rats, and the SHR-WKY rat differences varied among brain structures.
The conservative Bonferroni-corrected t test did not indicate statistically significant differences between strains for any brain area. Uncorrected t tests, used as a statistical tool to provide information on the brain areas with appreciable SHR-WKY rat differences in LCGU, yielded "significant" differences for 14 of the 28 gray matter structures (Table 2 ; p<0.05). In these 14 gray matter structures, LCGU was less in SHR by around 27%. In the area postrema, LCGU was slightly but not significantly less in SHR than in WKY rats. 
Local Cerebral Blood Flow
The mean rates of LCBF varied appreciably among the 31 brain structures in both strains of rats (Table 3) . The order from smallest to largest LCBF among the 31 areas was similar in SHR and WKY rats (Figure 2 ). For example, LCBF was lowest in the two white matter structures and highest in the temporal cortex and inferior colliculus.
The statistical analysis (ANOVA with repeated measures) showed significant group-structure interaction (p=0.022); the interstrain differences in LCBF were not significant for any brain area (t tests corrected for multiple comparisons). With the uncorrected t test used as a data-descriptive tool, LCBF was found to be "significantly" higher in SHR than in WKY rats for the two areas with the largest flow rates (Figure 2 ), the inferior colliculus (p=0.026) and temporal cortex (/?=0.048). If these two structures are dropped from the analysis, then the strain-structure interaction as well as the group main effect (i.e., the overall difference in flow between SHR and WKY rats) becomes nonsignificant.
Blood Flow/Glucose Utilization Ratio
In WKY rats, the LCBF/LCGU ratio varied nearly threefold among the 31 brain areas, specifically from 1.55 ml/jtmol in the caudate putamen and dorsolateral geniculate nucleus to 4.2 ml//tmol in the supraoptic nucleus of the hypothalamus (Table 4 ). The LCBF/ LCGU ratios of SHR ranged from 2.0 ml/umo\ in the lateral part of the caudate putamen to around 4.5 ml/^tmol in the supraoptic nucleus and temporal cortex.
Statistical analysis of the WKY rat data, by the method of Ford as given in McCulloch et al, 14 showed very significant differences in the coupling of LCBF and LCGU among brain areas (p=0.0023). In other words, the LCBF/LCGU ratio varied significantly among brain areas in WKY rats. By the same statistical procedure, the LCBF/LCGU ratio was also found to vary significantly among brain areas of SHR (p=0.005). For most brain areas, the ratio of flow to metabolism was higher in SHR than in WKY rats (Figure 3 ). Statistical analysis of this (three-factor ANOVA with repeated measures) yielded a marginally significant three-way interaction (/>=0.0566 by the conservatively biased Greenhouse-Geisser approximation 14 ). Thus, the LCBF/LCGU ratios for the various brain areas are significantly different between SHR and WKY rats. The SHR used in the present experiments were significantly smaller than WKY rats not only at 26-30 weeks of age (Table 1 ) but also at the time that they were received, i.e., 4 weeks of age (p<0.05). The weights (mean ± SEM) of these animals at 4 weeks of age and an additional set received at the same time were 64±1.5 g for SHR (n=63) and 75±2.5 for WKY rats (n=63). Kurtz and Morris 16 have documented that growth rate and blood pressure vary considerably among WKY rat colonies but are very similar among SHR colonies. As a result, the body weight of WKY rats can be either greater than, equal to, or less than that of SHR. Our finding of significantly smaller weights for SHR relative to age-matched WKY rats is, thus, not surprising.
Local Cerebral Blood Flow
Despite the marked differences in MABP and LCGU, LCBF was fairly similar in SHR and WKY rats (Table 3, Figure 2 ). LCBF tended to be somewhat higher in SHR than in WKY rats, as evidenced by a significant groupstructure interaction (p=0.022). Among the brain areas, however, "significantly" higher rates of LCBF (uncorrected t tests) were determined for SHR in only were equal to or somewhat less than the ones listed in Table 3 for both SHR and WKY rats. Although flow was not determined in WKY rats by these authors, their findings along with ours suggest that LCBF is fairly normal in most brain areas of SHR from around 20 to 30 weeks of age.
Various reports suggest that the cerebrovascular system of SHR has adapted to chronic hypertension and that blood flow may be relatively normal in these animals. For instance, Harper and Bohlen 19 observed for pial arterioles of 18-20-week-old SHR and WKY rats in vivo that 1) inner diameters were less and wall-to-lumen ratios were greater in SHR than in WKY rats, 2) arteriolar resistance was greater in SHR, and 3) microvascular pressure in fourth-order arterioles and third-order venules was only somewhat higher in SHR than in WKY rats. A similar set of morphological differences between adult SHR and WKY rats has been reported for pial arteries. 15 The finding of virtually identical LCBF rates in 26-30-week-old SHR and WKY rats for 29 of 31 brain areas is, therefore, compatible with the morphological and physiological observations of others.
Comparisons of Local Cerebral Glucose Utilization Findings in Spontaneously Hypertensive Rats
Kadekaro et al 3 measured LCGU in the brain and three sympathetic ganglia of 11-12-week-old SHR and WKY rats and found that LCGU was virtually identical in both strains of rats in 41 of the 44 brain areas examined but was lower in the superior cervical, cardiac, and coeliac ganglia of SHR. In addition, LCGU was elevated in three brain areas -the external cuneate, vestibular, and fastigial nuclei -of these SHR. The findings of lowered LCGU in the sympathetic ganglia of 11-12-week-old SHR fit the gray matter data of the present study and suggest that metabolic and neural activity is lowered in sympathetic ganglia of SHR several months before brain LCGU decreases.
We also studied 21 of the 44 brain areas investigated by Kadekaro et al, 3 including the three where LCGU was higher in SHR. For all 21 of these areas, LCGU was lower in 26-30-week-old SHR than in 11-12-week-old SHR, and the differences were possibly significant for 11 of these areas (/?<0.05; uncorrected t tests). These areas of lowered glucose utilization are the solitary tract nucleus, inferior olive, and external cuneate nucleus (medulla); the superior olive and vestibular nucleus (pons); the inferior colliculus (midbrain); the nucleus interpositus (cerebellum); the supraoptic nucleus (hypothalamus); the ventral posterior nucleus of the thalamus; the globus pallidus; and the frontal cortex. Thus, sizable decreases in LCGU in adult SHR were found in parts of the forebrain, hindbrain, and cerebellum and included areas with low as well as intermediate and high LCGU rates.
Comparison of the LCGU data for WKY rats of Kadekaro et al 3 with those in Table 2 shows that glucose utilization was nearly identical in 11-12-week-old and 26-30-week-old WKY rats in 18 of 21 brain areas common to these two studies. This comparison suggests two things. First, despite the possible dissimilarities in the performance of the experiments and the reading of the brain areas of interest between these two laboratories, similar LCGU rates were found in WKY rats at these different ages. Second, since LCGU did not appear to change in WKY rats from 12 to 30 weeks, the effect of age on the lumped constant (the factor that is used to convert the rate of 2DG phosphorylation to the rate of glucose phosphorylation) over this period is probably slight in WKY rats and is likely to be small in other strains of rats, too.
With respect to the latter point, the lumped constant has been shown to decrease in Fischer-344 rats from 0.50 at 3 months to 0.46 at 1 year to 0.42 at 2 years of age. 20 Extrapolation of this age-dependent decrease suggests that a lumped constant of 0.48 is reasonable for 6-7-month-old SHR and WKY rats.
Johansson 18 reported glucose utilization rates in 22-week-old SHR that resemble our results for 26-30-week-old SHR. Relative to the data in Table 2 , the values of LCGU for 22-week-old SHR reported by Johansson were slightly but not significantly greater for the inferior colliculus, approximately equal for the hippocampus, and slightly but not significantly less in 11 other areas (uncorrected t tests). Although no LCGU experiments were done on WKY rats and no comparisons can be made between 22-week-old WKY rats and SHR, these data add some credence to our finding of low rates of glucose utilization in adult SHR.
Of some relevance to the preceding, Zametkin et al, 21 using 18 F-fluoro-deoxyglucose and positron emission tomography, observed that cerebral glucose metabolism was less in 30 of 60 brain areas in hyperactive adult humans than in a group of matching control adults. Among the brain areas with lowered rates were a number of cortical regions, the thalamus, and the caudate nucleus. This matches our finding of lowered LCGU in a variety of brain areas for "hyperactive" SHR and suggests some linkage between hyperactivity and cerebral glucose metabolism in both rats and humans.
The lower LCGU in SHR may also be partially related to hydrocephalus and cerebral atrophy. Ritter and Dinh 8 and Ritter et al 9 have reported that 1) SHR are hydrocephalic with respect to both WKY and Sprague-Dawley rats; 2) the hydrocephalus becomes manifest in SHR between 4 and 8 weeks of age; and 3) the increase in ventricular volume is caused by the atrophy of structures such as the cerebral cortex, caudate putamen, and hippocampus. In agreement with these observations of hydrocephalus and cerebral atrophy in SHR, Nelson and Boulant 7 have reported that brain weight is 11% lower in 12-week-old SHR than in WKY rats.
Local Cerebral Glucose Utilization Model
The preceding discussion indicates that either LCGU is low in SHR at 26-30 weeks of age or LCGU was erroneously calculated in SHR, WKY rats, or both. With respect to errors in the estimation of glucose utilization, the LCGU rates for these two groups of rats become virtually identical if the lumped constant for the 26-30-week-old SHR is lowered from 0.48 (the value used in the present study for both SHR and WKY rats) to 0.37 (with such a value for the lumped constant, the differences in LCGU are significant for only three of 31 comparisons). Such a lowering of the lumped constant also makes LCGU nearly identical in 11-12-week-old SHR 3 and 26-30-week-old SHR.
Measurement of the lumped constant is a sizable undertaking and has not been done for either 11-12-week-old or 26-30-week-old SHR and WKY rats. In view of this lack of experimental information, some discussion of possible variations of the lumped constant and of the 2DG method of measuring LCGU seems in order.
The [
14 C]2DG method of measuring LCGU was developed by Sokoloff et al 2 and is predicated on a simple model of blood-tissue disposition. The model considers that circulating radiolabeled 2DG and unlabeled D-glucose pass across the blood-brain barrier into a brain precursor pool (the rate constants for these processes are symbolized by K t * and AT,, respectively; by convention, the starred rate constants are those for 2DG and the unstarred ones are for D-glucose). The 2DG and D-glucose in the brain precursor pool, subsequently, can either remain in that pool, pass back into the blood (rate constants, k 2 * and k 2 , respectively), or be phosphorylated by hexokinase to [ M C]2-deoxyglucose phosphate (2DGP) and glucose-6-phosphate (G-6-P) (rate constants, k 3 * and k } , respectively). There is essentially no dephosphorylation of G-6-P and 2DGP in the brain under normal conditions. Because 2DGP is not further metabolized or transported during the 45 -minute experimental period, it accumulates in the tissue at a rate proportional to 2DG phosphorylation.
The velocity of D-glucose phosphorylation (i.e., LCGU) is calculated by inserting into the operational equation the plasma glucose concentration plus plasma and tissue 2DG data, values of k 2 * and kj*, and a 2DG-to-glucose conversion factor, the "lumped constant." Possible errors in the calculation of LCGU as a result of dephosphorylation of 2DG, incorrect values of the two 2DG rate constants, or both are minimized by using an experimental period of 45 minutes. With a 45-minute experimental period, the use of an incorrect lumped constant is the most common cause of an erroneous assessment of LCGU.
The lumped constant is a function of several 2DG and D-glucose rate constants, which are always expressed as 2DG/r>glucose ratios. The lumped constant is not likely to change during the experimental period, but it may vary between species and conditions 2 -22 - 23 and with age. 20 The lumped constant is generally broken into three sets of variables. The first of these terms, symbolized by <f>, accounts for the relative rates of glucose phosphorylation and G-6-P dephosphorylation. It appears in the denominator of the lumped constant and has a value between zero and 1. In the normal state 4> is equal to one, which means that all G-6-P is metabolized further via the glycorytic pathway and no G-6-P is dephosphorylated to glucose. Under most circumstances, <f> does not vary 22 -23 ; if 0 is altered or different from normal, then the lumped constant increases because 4> must fall between 1.0 (its normal value) and zero. In other words, the lumped constant cannot be decreased by changing <f>.
The second set of variables in the lumped constant is the ratio of the kinetic constants of 2DG and D-glucose for the hexokinase reaction, i.e., the phosphorylation coefficient. To be specific, the phosphorylation coefficient is the ratio of the maximum velocity of the hexokinase reaction of 2DG (V m *) to that of D-glucose (V,,,) divided by the ratio of the hexokinase affinity
. This ratio depends on the isoform or isoforms of hexokinase in the brain. The isoforms of this enzyme may vary with species, condition, and tissue. Because this variable is a ratio of the 2DG and glucose kinetic constants, however, alterations in tissue hexokinase are likely to affect the phosphorylation of both substrates similarly, and this ratio is probably quite constant in most instances. 22 -23 The final term in the lumped constant is the ratio of the distribution rate constants of 2DG to those of D-glucose. This term equals [^d*/(A: 2 *+Ar 3 *)]/[Ar, / (k 2 +k } )] and is referred to as the partition coefficient. The six terms that compose the partition coefficient are not constant; rather, they are functions of variables such as the rate of blood flow, the concentration of glucose in the plasma, the kinetic properties of the glucose transporter sited at the blood-brain barrier, the concentration and distribution of glucose in the interstitial fluid, and the transfer kinetics of these two hexoses at glial and neuronal membranes. Of the three groups of terms in the lumped constant, the one most likely to vary is the blood-brain partition coefficient.
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-23 Accordingly, when experimental results indicate that the lumped constant has changed, then it is most reasonable to suspect that the "partitioning" of 2DG, D-glucose, or both between blood and brain has been altered.
Blood flow (Table 3 ) and plasma glucose concentration (Table 1) , two of the variables that could affect the partition coefficient term of the lumped constant, were not significantly different between the SHR and WKY rats used in the present study. Capillary surface area, which partly sets K t *, K lt k 2 *, and k 2 , has been reported to be the same in several gray and white matter areas of 6-7-month-old SHR and WKY rats. 12 These observations suggest that the partition coefficient is similar in these two rat strains and argue against the lumped constant being sizably lower in SHR than in WKY rats; nonetheless, they do not prove that the partitioning of 2DG, glucose, or both is similar in SHR and WKY rats.
In view of this uncertainty, a case, based on the premise that the LCBF/LCGU coupling ratio should be relatively constant among rat strains, can be made for dissimilar partitioning and lumped constants and similar LCGU in young adult SHR and WKY rats. If the lumped constant is 0.37 in SHR but 0.48 in WKY rats at 6-7 months of age, as suggested above, then not only LCGU rates but also the LCBF/LCGU ratios are comparable in these two strains of rats. The most logical explanation for the lowering of the lumped constant in this event is an alteration in the relative partitioning of 2DG and D-glucose between blood and brain precursor pool, because the assumption of equal LCGU rates means that kf/kj and the phosphorylation coefficient are the same in SHR and WKY rats.
In conclusion, our finding of "lowered LCGU" in adult SHR indicates that either glucose metabolism is depressed in 26-30-week-old SHR or the relative partitioning of 2DG and D-glucose in the blood-brain system is markedly different between SHR and WKY rats. In either case, not only blood pressure, behavior, brain morphology, and ventricular size but also some aspect or aspects of cerebral glucose transport, metabolism, or both are different in young adult SHR and WKY rats. Further studies are needed to identify this lesion in SHR and to correlate it with the other neuropathological conditions in these animals.
Coupling of Flow and Metabolism
By use of the statistical method given in McCulloch et al, 14 very significant differences in the coupling of LCBF and LCGU among brain areas of WKY rats were found (p=0.0023). Previous work by McCulloch et al suggested that the LCBF/LCGU ratio varied significantly among 36 brain areas in control and apomorphinetreated Sprague-Dawley rats and that blood flow-glucose utilization coupling is not the same throughout the brain of the normotensive rat. Our results with WKY rats support this suggestion.
For the SHR used in the present study, the LCBF/ LCGU ratios also varied significantly among brain areas (p=0.005) and were apparently significantly different (p=0.0566; three-factor ANOVA with repeated measures) compared against age-matched (6-7-month-old) WKY rats (Figure 3 ). The linkage of LCBF and LCGU appears to be the same in 5-month-old 17 -18 and 6-7-month-old SHR. This suggests that the blood flowglucose utilization coupling differences between SHR and WKY rats are established before 5 months of age.
The LCBF/LCGU ratio for the temporal cortex was more than twofold higher in SHR than in WKY rats ( Figure 3) ; this was the result of both higher blood flow and lower glucose utilization in SHR. The reason for the very high rate of blood flow to the temporal cortex of SHR is not obvious; the high flow rate indicates some peculiarity in the function of the temporal cortex in SHR or of its vascular system.
In a number of gray matter areas, the LCBF/LCGU ratio was 55-70% higher in SHR than in WKY rats (Table 4 ; Figure 3 ). For the paraventricular nucleus, dorsolateral nucleus, ventricular part of the caudateputamen, amygdala, and the frontal cortex, this was mainly or exclusively a result of lower LCGU in SHR. Both lowered glucose metabolism and higher blood flow contributed to the larger LCBF/LCGU ratios in the superior olive and nucleus interpositus of SHR. For the inferior colliculus, however, the high rate of blood flow was the major cause of the large LCBF/LCGU ratio in SHR. The apparent variation in the dependency of LCBF on LCGU implies that "other" processes are involved in setting the rate of local blood flow and that their influence on blood flow differs among brain areas and between SHR and WKY rats.
Among the 31 brain areas studied, the flow-metabolism coupling is most unusual for the supraoptic nucleus, which has a low LCGU (Table 2 ) but a moderate LCBF (Table 3 ). In both SHR and WKY rats, the LCBF/LCGU ratio is £4.2 for this small hypothalamic nucleus ( Table 4 ). The relatively high rate of blood flow to this neuroendocrine structure is almost certainly the result of a strong dependency on processes other than local glucose metabolism, and this dependency appears to be similar in SHR and WKY rats.
For the other 30 brain areas (Table 4) , the lowest LCBF/LCGU ratios in both SHR and WKY rats were found in the caudate-putamen, amygdala, and hippocampus. Blood flow may be less "abundant" with respect to metabolism in these structures, and the margin of safety in the delivery of blood-borne material to tissue may be smaller in these brain areas than in others.
